Introduction
Plasma oxidation is an essential processing technology for fabricating silicon based nano-devices. Because the plasma oxidation has a potential to realize much lower temperature processes compared with thermal oxidation. Therefore, the plasma oxidation has been frequently used and investigated to achieve higher performance. It has been reported that the O 2 surface wave plasma (SWP) with high rare gas dilution has the potential to realize a higher silicon oxidation rate and high-quality silicon oxidation films than other O 2 plasmas. [1] In our previous study, by spectroscopic measurement of activated species in plasma gas-phase, it was found that excited O atom (O( 1 D 2 )) are dominant species to synthesize the silicon oxidation film and O 2 + ion bombardments enhance the oxidizing reaction on the silicon surface in the O 2 SWP with high rare gas dilution. [2, 3] On the other hand, in order to obtain the higher oxidation rate, rare and O 2 gases mixture SWPs with small amount of H 2 gas addition have been frequently used. In the process, it is important to understand the effect of H 2 addition on Si oxidation to realize more high performance. However, the oxidizing reaction is complex system because many kind of reactive species are generated in the plasma. In this study, in order to understand the effect of H 2 addition on plasma oxidation with O 2 and rare gas mixture SWP, behaviors of activated species in the SWP were investigated by using the spectroscopic measurement techniques.
Experimental setup
A plasma oxidation reactor for the 8 inch wafer was used to investigate the mechanism of Si oxidation in this study. O 2 , H 2 , and Ar mixtures were employed as a processing gases and introduced into the reactor chamber and a total pressure was maintained at 133.3 Pa. Microwave (2.45 GHz) fixed at a power density of 1.2 W/cm 2 was applied to the antenna put on the quartz window to generate the SWP. And the H 2 gas flow was changed from 0 to 10 sccm to investigate the effect of small amount H 2 addition on plasma oxidation process with the H 2 /O 2 /Ar SWP. The absolute densities of the H, O( 3 P 2 ), and O( 1 D 2 ) atoms in the H 2 /O 2 /Ar SWP were measured by vacuum ultraviolet laser absorption spectroscopy. And the behavior of OH radical was measure by ultraviolet absorption spectroscopy with Xe lump as a light source. And electron density and temperature were measured by using a Langmuir single probe at the center of the process reactor. Moreover, a quadrupole mass spectroscopy (QMS) was carried out for investigating the positive ionic species.
Results and discussion
The initial Si oxidation rate in the H 2 /O 2 /Ar SWP at the processing time of 30 s and wafer temperature of 400 o C increased up to small amount of H 2 flow rate around 2 sccm and then decreased with increasing H 2 gas flow rate. Figure 2 shows the electron density and temperature in the H 2 /O 2 /Ar SWP as a function of flow rate of H 2 gas. The electron temperature was almost constant around 1.2 eV and the electron density decreased from 3.7×10 11 to 6.1× 10 10 cm -3 with increased in the H 2 flow rate. Figure 3 Fig.3 . On the other hand, H atom and OH radical densities were increased with increasing the H 2 flow rate, as shown in Fig. 4 . The behaviors of species in the gas-phase were much different from Si oxidation rate as shown Fig.1 . Therefore, these species didn't directly affect the synthesis of silicon oxidation film. However, it was supposed that the oxidizing surface on Si wafer was activated by irradiation of H atom and the sticking coefficients of oxidizing species were increased by the H 2 gas addition to O 2 /Ar SWP. Therefore, the oxidation rate increased up to H 2 gas flow rate of 5 sccm, and then decreased with decrease in the O( 1 D 2 ) density. In the plasma oxidation, behaviors of ions and radiations were also very important because of oxidizing surface activated by the irradiation of energetic ions and photons. E x t e n d e d A b s t r a c t s o f t h e 2 0 1 1 I n t e r n a t i o n a l C o n f e r e n c e o n S o l i d S t a t e D e v i c e s a n d M a t e r i a l s , N a g o y a , 2 0 1 1 , p p 7 6 9 -7 7 0 C -1 -5 L decreased with increase in H 2 flow rate. However, the total intensity of VUV radiation was almost constant. Therefore, it was supposed that effect of VUV radiation on the activation of oxidizing surface was constant as a function of H 2 flow rate. On the other hand, the behaviors of positive ionic species in the H 2 /O 2 /Ar SWP were investigated by using a QMS. From the measurement results of the relative densities of positive ionic species, O 2 + ion was dominant ionic species in the SWP as shown in Fig.6 . Moreover, the energy distribution of O 2 + was around 10 eV or below. From the result, the implantation depth of O 2 + ion was less than several Å. [4] This means it is considered that the bombardment of O 2 + ion affects only the top oxidizing surface and enhances the reaction of oxidizing species. 
